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Oka)’ama-Rl The concept for the above figure originated in a 1986 paper by Michael Turner.

FHAHAZERD

Structure
formation

Cosmic Microwave
Background radiation
is visible

Particle Data Group, LBNL © 2015

)

Dark energy
accelerated
expansion

Supported by DOE




1973 /M-I IDFE
1995 Tevatron=EEE CHRE

kT (BHESN) - RBF HF

s> 1 T8 STl N i2F A

JI—FA> GEEWAD) - GF. FEF. RF
W, ZhF  (88\L\77) — RN—4% FRiE

by O ZRF (Y T XS - B8
1964 £V ANFE

2012 LHCEETHRER



(D IAANHE) (& — < PlG)
7K Renormalizable SU(3)xSU(2)xU(l) gauge theory

based on quantum field theory + Higgs mechanism F &
(% D it 1) (& v 7 A HEHE)

»CSM — Lgauge + Ematter =+ LHiggs + »CYukawa 7|

1
_ __Ga Ky _Wz Wz,w/ . —B B,ul/
. 4 Iﬁons 4 6\/ *,Z bosons 4photon
o + Q; leQZ + uzz@uz +d, ;iDd; + L; leL + e;ilDe;

quarks leptons
+ (Duf) S(D“H) V(H) i
Higg
+Y"Q;Hu; + YUQZHCZ + Y L;He; + h.c.
IR - 7)1 o

Du — au —|- iggTaGZ —|— ZQQTZW; —|— 2'91YB'u




GRS ETIR U feflFRT=EE S B,
R FRREREKI 52ETRILF—EER

ILC (International Linear Collider)

= BRER AL IR 2

&g Y

International
Linear
Collider

o LIV (ERMEHTHEIC TREE o 2B(CHITHEIETE

o FERH27km JIIpEE o RI0kMIRFILEF-GEFINEz
e 20127 ®E o =F Bt |l ih IR ER(E ;T
¢ 2037F X CHIETE o EIHITNIL2030F 2B



-z S

772 y31ﬁu = }%27@1@ fZmF IR zs

- p ———
o —
1 “ 4.
- ‘f‘_':’*v,-;'*¢‘
s
o 2 T - * .,

RN ZRARLF IR 1%
SR




')Il%?lu?)? F1%
ST FR

72K
) L~
S "‘*\\;‘\‘E‘\: - PSP LHC - B CERN
1 _sPoint 8 “=5 ATLAS ALICE

. Point 1

[2006 CERN summer school] -
CMS AL F1R H 85




25m

Tile calorimeters
LAr hadronic end-cap and
forward calorimeters

Pixel detector \

LAr electromagnetic calorimeters

.....
awe-
..........
.....
-

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker




by O ARFERKTT I

ST BRSNS

S
|

T

o BREIRcRZE PO

5 3l ET A FAE =Py

cing L REERSH : |1““
3282 2% B¥R2F—L4

SIET S,ﬁknmqsr?iﬂ-ﬂbﬁ

Run: 182796
Event: 74566644

/'Ej-' E %)ﬂaHﬁZO |2E7ﬁ 5 E ; :;. | : acd | : | @ ) 2011-05-30 07:54:29 CEST

Okayama-Rika — 2019.5.30 11/20 Kentarou Mawatari (Osaka U.)



2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

| F. Englert and R. Brout
| Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium
{ (Received 26 June 1964)

_ —— — —

' BROKEN SYMMETRIES,

MASSLESS PARTICLES AND GAUGE FIELDS |

J P.W. HIGGS

I Tual institute of Mathemalical Physies, Untverstly of Edinburph, 5S¢ otland

‘ Received 27 July 1964

"for the theoretical discovery of a mechanism that | 1 £ L NG Nobelprijs na
. . . ‘ " 36 jaar wachten
contributes to our understanding of the origin of mass of R
subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental

particle, by the ATLAS and CMS experiments at CERN's
Large Hadron Collider" [http://www.nobelprize.org]
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ATLAS SUSY Searches™* - 95% CL Lower Limits ATLAS Preliminary

December 2017 \Vs=7,8,13TeV
Model &[T,y Jets EX [Larnm™) Mass limit V5=7,8TeV | ys=13TeV Reference
T T T T T T T T I T T T T T
@, 44X 0 2-6jets  Yes  36.1 m(¥})<200 GeV, m(1% gen. §)=m(2™ gen. §) 1712.02332
w 3. 3—q¥] (compressed) mono-jet  1-3jets  Yes  36.1 m(@)-m(¥})<5 GeV 1711.03301
Qg aogat) 0 26jets  Yes  36.1 m(E))<200 GeV 1712.02332
S 38 2oqgkioggWR ! 0 2-6jets  Yes  36.1 m(P%)<200 GeV, m(E*)=0.5(m(t)+m(z)) 1712.02332
D 7z, 2-qq(COV ee, jijt 2jets Yes 14.7 m(¥})<300 GeV, 1611.05791
2 28, §—qa(tt/ ¥} Seu 4 jets - 36.1 m()=0 GeV 1706.03731
?, g8 éﬁngZ?(f 0 7-11jets  Yes  36.1 m(¥}) <400 GeV 1708.02794
=] GMSB (¢ NLSP) 1-27+0-1¢ 0-2jets  Yes 3.2 1607.05979
& GGM (bino NLSP) 2y - Yes 361 ¢(NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) Y 2jets Yes  36.1 m(EY)=1700 GeV, cr(NLSP)<0.1 mm, ;0| ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes 203 | F2 scale 865 GeV m(G)>1.8 x 10~ eV, m(z)=m(g)=15TeV 1502.01518
§ B 2z, zobbt) 0 3b Yes  36.1 m(?))<600 GeV 1711.01901
T, Eo 2z, g—na?? 0-1e,u 3b Yes 36.1 m(t!)<200 GeV 1711.01901
biby, by—bt) 0 2b Yes 361 | e50 GV (¥1)<420 GeV 1708.09266
L8 bbbkt 2e,u(S8)  1b Yes 361 | b . 275700 GeV mM(E))<200 GeV, m(¥;)= m(¥})+100 GeV 1706.03731
S8 i, f—biT 0-2e.u 1-2b  Yes 47/13.3 | # [117-170 Gev [200-720 GeV! m(¥T) = 2m(¥}), m(¥))=55 GeV 1209.2102, ATLAS-CONF-2016-077
&8 an, iowet) or i) 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 & 90-198 GeVI o550 rmev] m(¥)=1GeV 1506.08616, 1709.04183, 1711.11520
S S 77, Roel) 0 mono-jet  Yes 361  |[IANI90-430 GeV! m(7;)-m(¥})=5 GeV 1711.03301
> g 771 (natural GMSB) 2e,u(2) 1b Yes 203 |7 150-600 GeV m(¥})>150 GeV 1403.5222
S hbh,hoh+Z 3eu(2) 1b Yes 361 |&  290-790 GeV m(¥})=0 GeV 1706.03986
hb, h=h +h 12ep 4b Yes 361 | B . 320-880GeV m(¥)=0GeV 1706.03986
R 2e.n 0 Yes  36.1 m(r)=0 ATLAS-CONF-2017-039
XU X - Tv(t9) 2ep 0 Yes  36.1 mEE)=0, m(Z, 7)=0.5(m(¥T)+m(r3) ATLAS-CONF-2017-039
JEXT 15, X7 > tv(th), Bro Tt (Vi) 27 - Yes  36.1 m(E})=0, m(z, 7)=0.5(m(¥; )+m(t?)) 1708.07875
B o IVILLGY), VTLEG) Sepu 0 Yes  36.1 mE})=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥;)+m(t})) ATLAS-CONF-2017-039
E L wd-wiizd!) 23eu  0-2jets  Yes  36.1 mEvE)=m(Ed), m(t))=0,  decoupled ATLAS-CONF-2017-039
= )?T)?g—»W)?(l)h)??, h—sbb]/WW/tT/yy ey 0-2b Yes 20.3 /\-’f,ig 270 GeV m(E)=m(¥s), m(¥})=0, 7 decoupled 1501.07110
03, B3 —Trt dep 0 Yes 203 [#; 635 GeV MEY)=m(EY), m(EY)=0, m(Z, 7)=0.5mE2)+m(E})) 1405.5086
GGM (wino NLSP) weak prod., ¥1—yG 1 e, +7y - Yes 203 |Ww 115-370 GeV cr<imm 1507.05493

GGM (bino NLSP) weak prod., 1{—yG  2¥ - Yes 361 [N eV cr<tmm ATLAS-CONF-2017-080
Direct X1 ¥1 prod., long-lived ¥ Disapp. ttk  Tiet  Yes 361 | 460 GeV m(¥7)-m(¥1)~160 MeV, r(¥1)=0.2 ns 1712.02118

Direct X1 X| prod., long-lived Xy dE/dx trk - Yes 184 | X 495 GeV mET)-m(E7)~160 MeV, 7(¥7)<15 ns 1506.05332
E ® Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 850 GeV m(¥)=100 GeV, 10 us<7(z)<1000 s 1310.6584
> O Stable g R-hadron trk - - 32 1606.05129
S % Metastable g R-hadron dE/dx trk - - 32 m(¥})=100 GeV, r>10 ns 1604.04520
§ 8 Metastable g R-hadron, [ displ. vix - Yes 328 7()=0.17 ns, m(¥}) = 100 GeV 1710.04901
~ 0
GMSB, stable 7, X1 —%(&, i))+1(e, 1) 1-2p - - 19.1 537 GeV 10<tanp<50 1411.6795
GMSB, ! -G, long-lived 4! 2y - Yes 203 |& 440 GeV 1<7(¥})<3 ns, SPS8 model 1409.5542
38, Vl—eev/euv/uuy displ. ee/ep/up - - 20.3 7 <ct(¥))< 740 mm, m(z)=1.3 TeV 1504.05162
LFV pp—¥: + X, Ve —ep/et/ut ep,eT,uT - - 3.2 A51,=0.11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS)  0-3b Yes  20.3 1.45 TeV m(@)=m(g), ctzsp<1 mm 1404.2500
T, X W ) —eev, epv, puy dep - Yes  13.3 m()>400GeV, 1#0 (k = 1,2) ATLAS-CONF-2016-075
S AL swE s tove, etvs Beu+t - Yes 203 450 GeV m(¥})>0.2xm(¥}), A133%0 1405.5086
& 22, 2-qg%1. X1 — qqq 0 4-5large-Rjets - 36.1 m(¥})=1075 GeV SUSY-2016-22
38, 5100, ) > qqq 1eu 810jets/0-4b - 36.1 m@)= 1 TeV, d112£0 1704.08493
88, g—ht, i—bs 1e,u 810jets/0-4b - 36.1 m(@)= 1 TeV, 1330 1704.08493
fifi, fi—bs 0 2jets+2b - 36.7 14805610 GeV 1710.07171
fi, ii—bl 2en 2b - 31 |& . 04145TeV BR(f1—be/u)>20% 1710.05544
Other Scalar charm, —c¥) 0 2¢ Yes 203 |@ 510 GeV m(¥?)<200 GeV 1501.01325
“Only a selection of the available mass limits on new states or 10-! 1
phenomena is shown. Many of the limits are based on Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.




ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: July 2017

Model

ty Jetst ET™ [rdi]

ATLAS Preliminary

[L£dt=(3.2-37.0)fb!

Vs=8,13TeV
Reference

Limit

T T LI ) I T T T LI ) I T T T T T T LI ) I T T T T
ADD Gkk + g/q Oe,p 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO CERN-EP-2017-132
ADD QBH - 2] - 37.0 M 89TeV n=6 1703.09217
ADD BH high ¥, p1 >lepu >2j - 3.2 M 8.2 TeV n=6, Mp = 3 TeV, rot BH 1606.02265
ADD BH multijet - >3] - 3.6 Min 9.55TeV n=6,Mp=3TeV,rot BH 1512.02586
RS1 Gk — vy 2y - - 36.7 | Gkk mass 4.1 TeV k/Mp; = 0.1 CERN-EP-2017-132
Bulk RS Gkx — WW — qqtv 1eu 1J Yes 36.1 Gkk mass 1.75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED/ RPP leu >2b,>3j Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(AD - tr) =1 ATLAS-CONF-2016-104
SSM Z' — ¢ 2epu - - 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z' - 17 27 - - 36.1 Z' mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic Z" — bb - 2b - 3.2 Z' mass 1.5TeV 1603.08791
Leptophobic Z’' — tt 1epu >1b,>1J/2) Yes 3.2 Z’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
SSM W’ — ¢y 1eu - Yes 36.1 W’ mass 5.1 TeV 1706.04786
HVT V' - WV — gqqqg modelB O e, u 2J - 36.7 V’ mass 3.5 TeV 8v CERN-EP-2017-147
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV 8v ATLAS-CONF-2017-055
LRSM W/, — tb 1eu 2b,0-1] Yes 20.3 1410.4103
Cl qqqq - 2j - 37.0 A 21.8TeV 1703.09217
. Cl ttqq 2e,u - - 36.1 A 40.1 TeV 7, ATLAS-CONF-2017-027
Cl uutt 2(SS)=8euz1b21j Yes 203 (I |Crl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.5 TeV 84=0.25, g,=1.0, m(x) < 400 GeV | ATLAS-CONF-2017-060
. Vector mediator (Dirac DM) Oe,u, 1y <1j Yes 36.1 Mmed 1.2 TeV 84=0.25, g,=1.0, m(x) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oep 1J4,<1j Yes 32 | M, 700 GeV m(x) < 150 GeV 1608.02372
Scalar LQ 1%t gen 2e >2j - 3.2 LQ mass 1.1 TeV p=1 1605.06035
. Scalar LQ 2" gen 2u >2j - 3.2 | LQmass 1.05 TeV B=1 1605.06035
Scalar LQ 3™ gen leup  21b,23] Yes 203 [|I0fasesoGev B=0 1508.04735
VLQ TT — Ht+ X Oorlepu >2b>3j Yes 132 | Tmass 1.2 TeV B(T - Ht) =1 ATLAS-CONF-2016-104
VLQTT - Zt + X le,u >21b>3j Yes  36.1 T mass 1.16 TeV B(T - Zt) = 1705.10751
VLQ TT - Wb+ X leu >1b,>1J2) Yes 361 | Tmass 1.35 TeV B(T —» Wb) =1 CERN-EP-2017-094
VLQ BB —» Hb+ X le,u 22b,23] Yes 20.3 B(B - Hb) = 1505.04306
VLQ BB - Zb+ X 2/>3e,u  22/21Db - 20.3 B(B—-zZb)=1 1409.5500
VLQ BB —» Wt + X 1epn =1b,>1J/2) Yes 36.1 B mass 1.25 TeV B(B— Wt) = CERN-EP-2017-094
VLQ QQ —» WqWgq 1eu >4 Yes 20.3 1509.04261
Excited quark g* — qg - 2j - 37.0 6.0 TeV only u* and d*, A = m(q") 1703.09127
Excited quark g* — qy 1y 1] - 36.7 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b, 1] - 13.3 ATLAS-CONF-2016-060
Excited quark b* — Wt tor2e,u 1b,20j Yes 20.3 fp=f=fh=1 1510.02664
Excited lepton ¢* 3epu - - 20.3 AN=3.0TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 AN=1.6TeV 1411.2921
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production ATLAS-CONF-2017-053
Higgs triplet H** — ¢7 3eurt - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
Monotop (non-res prod) lepu 1b Yes 20.3 Anon—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
L L L L I L L L L L L L L I L L L L

107 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).




Standard Model Total Production Cross Section Measurements status: March 2018

' 500 b
Q 10t e ATLAS Preliminary
(S— C - Theory
. Run 1,2 5 = 7,8,13 TeV
BBl Data 45-490
i o ]
10° £ O LHC pp Vs =8 TeV -
F o B ;
- . Data 20.2 - 20.3fb -
10 F LHC pp V5 = 13 TeV 2
BBl Daz 32-361
10° F o 3
i o o O I
2 L o _
10" F 3
: but, still large uncertainties § B :
1 E . . z .
g in the Higgs sector _.-ﬂ- -
i ]
1071 E F L .
PP W Z tt t WW H Wt WZ ZZ t ttW ttZ tZj
t-chan s-chan



(relic density) LEP

Annihilation | . ,
(indirect detection)

P Tevatron LUX
SM DM Belle/Babar CDMSLite
, LHC PandaX
Sc,attermg , ILC* Particle physics CRESST
(direct detection) OISO Colliders, direct detection PAYENE
SM DMY FoCe
=
production (LHC) Fermi-LAT WMAP
GRAINE Planck
AMS-02 LIGO
DAMPE Astrophysic Cosmology LISA*
Super-K cosmic rays CMB KAGRA*
lceCube gravitational lens/wave JA»=®ilCI0k
Hyper-K*

* future




g ’ : _— i

GRAINE 2015, JP-AU JAXA Scientific balloon @ BLS Alice Springs, 6:33(NT) 12t May, Image ©JAXA

X W/Z/q

WIMP Dark
Matter Particles
Ecm~100GeV

% WH/Z/g

+ a few p/p, d/d
Anti-matter



LHC DMWG [1603.04156, 1703.05703]
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